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ABSTRACT 

The m-situ soil parameters lor the design of shallow 
foundations on alluvial deposits nave been evaluated on 
the basis of the field tests conducted m the south-western 
part of rhe Indian Institute of Technology Kanpur Campus. 

The fluctuation in the ground water level m this 
area is reported lor a period of 3 years (1975-78)4 The 
soil profile within the zone of influence of shallow foundations 
as constructed m this area has been well defined. 

The effect of ground water level and the moisture 
content (the degree of saturation) on the soil par am eters 
has been studied. The variation m allowable bearing 
capacity with the plate size is presented. 

Design parameters for the shallow foundations are 
recommended. It has been recommended that the allowable 
bearing capacity in these soils can be safely increased to 

2 p 

14 t/m as against 8-10 t/m being currently used m 
found at ron design. 
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CHAPTER 1 


IETRODU CT ION 

Nearly every Civil Engineering structure - building, 
bridge, highway, tunnel, wall, tower, canal or dam is 
to be founded m or on the surface of the earth. Eor 
satisfactory performance, each and every structure must 
have a proper foundation. A detailed soil investigation 
at site is essential before any foundation can be designed. 
The mam object of the soil investigation at site is to 
provide the designer with as much information as possible 
about the existing conditions at the site such as the 
exposed overburden, position and fluctuations m ground 
water level, vegetation and other geological features of 
the area, and the subsoil conditions below the proposed 
structure „ 

The present study is a link m a chain of 
continuous effort that is being put mat I.I.T. Kanpur 
m the field of soil investigations to determine the 
relevant soil parameters for the design of shallow 
foundations on alluvial deposits m and around Kanpur 
City . 



The term 'shallow foundation' refers to a structure 


that is supported by the soil lying immediately beneath 
the structure. Individual footings, usually rectangular 
m plan, are the most common shallow foundations for 
colums, whereas strip footings are used to support walls. 

In some cases where the sum total area of the individual 
footings becomes more than half of the total covered area, 
mats are preferred over individual footings. 

The Kanpur City is located on the banks of the 
river Ganga. The soil around this area is a part of alluvial 
deposits laid down by Ganga. These stratified deposits 
have different layers of sand, silt and clays at different 
depths at different locations, and are highly variable 
in nature . 

The theoretical advances m the area of soil 
mechanics are far ahead of our knowledge about m-situ 
properties of natural soils. The best alternative seems 
to be the field testing to obtain the relevant soil 
parameters needed for designing the foundations. Though 
the field testing has its own difficulties of transporting 
the equipments etcetera, the laboratory tests conducted 
on the so called undisturbed samples give soil parameters 
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far from being representative of field-soil behaviour. 

With this in view, the plate load tests have 
been conducted at the site of married students' hostel 
m I.I.T. Kanpur Campus. The plate load test has a 
serious limitation to its applicability. The test results 
reflect only the character of the soil located within 
a depth of less than twice the width of the bearing plate. 
Since the foundations are generally larger m size, the 
settlement and resistance against shear failure depends 
on the properties of a much thicker stratum. Thus the 
results of the test are likely to be misleading, if the 
character of the soil changes at shallow depths. So, the 
standard penetration tests have also been carried out at 
the sane site and the remoulded soil samples have been 
collected for soil identification purposes* However, based 
on the present and past investigations the soil profile 
within the zone of influence of shallow foundations, 
(located at 1m depth with width = 1m) as constructed m 
this area, has been well defined. This will help to 
interpret the plate load test data with a reasonable 
degree of confidence. 
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Based on plate load tests and the standard 
penetration values the design parameters, i.e. allowable 
bearing capacity, coefficient of volume compressibility, 
drained and undramed Young’s modulu etc. have been 
obtained and compared with available data for similar 
soils m the literature . A three year data on ground 
water fluctuations m this area is reported. 



CHAPTER 2 


TEST RETAILS 

2.1 G-ene ral J 

A brief account of the test site is given. The 
details of the tests conducted are briefly described m 
this chapter. 

2.2 Location of Test Site ; 

Since the present study is a part of continuous 
work carried out earlier by C.IC. Jain (1977) and U.K. 
Srivastava (1977), the test site has been chosen to be 
very near to their test sites so as to facilitate the 
proper comparisons of the test results. 

The test site is located at Married students’ 
hostel near Type Y houses. Fig. 2.1i shows the location 
of the test site m IIT Kanpur Campus. This figure 
also indicates the relative positions of Jain (1977) 
and Sr iv as tava (1977) test sites in that area. The 
position of two ground water level observation wells of 
3m and 4m depth is also shown m this figure. 



6 


2.* 3 Ground Vater lievel s 

The area around the test site is one of the many 
low lying areas m I.I.T. Kanpur campus which easily get 
water logged during rainy seasons. To add to the misery, there 
are other active water sources nearly, for example, a pond 
in front of Girls* Hostel and a Canal (Kalyanpur Distnbutory ). 
All these result m bringing the ground water level very 
close to the ground surface. 

The ground water level goes down significantly 
m dry season. A study on water table fluctuations carried 
over past three years shows that ground water level comes 
as near as 30 cm below ground surface during wet season 
and goes down as deep as more than 4m below ground surface 
in dry season as shown m Fig. 2.2. This rise and fall 
m ground water level causes considerable amount of 
variations m effective stresses on the soil particles. 

As the water table goes do?ra, the soil gets subjected to 
suction pressure which results in development of negative 
pore pressure and an increase m the effective stresses. 

This makes the soil at shallow depths behave as a lightly 
over consolidated soil.. 
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2.4 Details of Tests Conducted s 

Eight test pits and three "bore holes for conducting 
plate load tests and standard penetration tests respectively 
have been made at test site. Dig. 2.3 shows the relative 
positions of different test pits and bore holes at test site. 
These test pits and bore holes have been named as Pit 1 to 
Pit 8, and Bore hole 1 to Bore hole 3 respectively. 

The following field tests have been conducted at 

site . 

1. Plate load test 

2. Standard penetration test 
3» In-situ density test 

Following are the tests conducted m laboratory on 
remoulded soil samples brought from the pits and bore holes. 
1* Natural moisture Content 
2. At ter berg limits 
3'* Gram Size Analysis 

2.4*1 Plate load Test : 

The mam purpose of this test is to evaluate the 
bearing capacity and the settlement of the soil. Field 
value of deformation modulus is also estimated from this 
test. 
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All the plate load tests have been conducted at i±Le 
same depth, of one meter from ground surface which is the 
usual foundation level for the shallow foundations* One 
meter deep test pits which are five times as wide as the 
test plate are made. 

Reaction type of loading has been used for all the 
tests except for one test conducted with a 60 cm 0 plate 
m which case, a gravity type of loading is used as the 
loading frame is only 2m. wide. The loading frame consists 
of four hand driven helical augers which are driven into 
the ground at a distance of 2m centre to centre, and five 
channel sections which are fixed on the augers with nuts 
and bolts. 

The test plate is placed at the bottom of the 
pit only after levelling the ground properly. The jack 
is mounted on the plate such that their centres coincide. 

Filler plates axe provided on the jack to fill the gap 
between the jack and the channel of the loading frame* 

For tests conducted with test plates bigger than 30 cm 0 , 
a series of smaller plates are put concentrically between 
the test plate and the jack so as to ensure proper distribution 
of the load on the bottom plate* Three dial gauges are 
used to measure the settlement. The hydraulic jack is 



lifted using a hand pump and loading is carried out m half 
ton intervals. Dial gauges axe read for every load 
increment when the rate of settlement drops down to 
0.02 dm/ mm . 

2*4.2 Standard Penetration lest t 

Standard penetration test conducted with the split 
spoon provides data about resistance of the soil to 
penetration m terms of blow count number (N) which is 
the number of blows per 30 cm of penetration of standard 
split spoon. 

The bore holes are made using a 10 cm 0 hand-auger, 
operated by 3 to 4 men at a time, upto the required depth. 
The split spoon is driven for 45 cms into the ground by 
means of a 65 kg* weight with a free fall of 75 cms. The 
number of blows required for each of three successive 
penetrations of 15 cm each are recorded. The total number 
of blows required to penetrate the last 30 cms gives the 
value of 14 as the first 15 cm of drive is considered to be 
a seating drive. 

The value of 14 has been found out at every half 
meter depth starting from 1m depth upto 4m below ground 
surface which are plotted m Pig. 2*3* 
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2.4*3 In-Situ Density Test s 

In-situ density has been found out for all 'die 
8 test pits using sand cone method. Knowing the we^ht 
of the sand occupying the hole from which the soil is 
scooped out and density of sand»m~situ bulk density of 
soil (tfJ ns calculated using the following expression. 

Weight of soil scooped out 

^ = — — — — — ■ — — ~~ x Density of sand 

“ Weight of sand m place of soil 

The test results are given in Table 3 « 1 • 

2.4*4 Natural Moisture Content 2 

Natural moisture content values have been found out 
for all the soil samples brought m plastic bags from the 
test site. These values are shown in Table 3*1 for test 
pits and m Pig. 2.6 for bore holes. 

2.4*5 Atterberg limits i 

Both liquid and plastic limits of soils depend on 
the amount and type of clay m a soil and form the basis 
for the soil classification system for cohesive soils based 
on the plasticity tests* 

The liquid limit and plastic limit tests have 
been carried out as per standard test procedures laid down 
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for the tests* The test results are given m Fig* 2.6. 

A plasticity chart has been drawn m Fig* 2*4-, and 
the soils have been classified as CL and Cl soils. 

2*4.6 Grain Size Analysis s 

Grain size analysis provides quantitatively the 
proportions by mass of the various sizes of particles 
present m the soil. 

Grain size analysis using a 152 H type of hydrometer 
has been carried out as per standard test procedure laid 
down for the test, and particle size distribution curves 
have been plotted as shown m Fig. 2.5* 





CHAPTER 5' 


EST ESSUIffS AM TIE IE IEEBPK3TA.TI0E 
3 » 1 Gener al 

The results as obtained from various tests are 
presented and interpreted m this chapter with a vier 1- to 
arrive at the design parameters for shallow foundations. 

3*2 Plate Load Test s 

Eight plate load tests have been conducted using 
different: sizes of circular plates. Ground water level is 
noted down on the day of conducting the test. Table 3*1 
gives the diameters (B) of the test plates used m various 
test pits along with the ground water levels (l^)) bulk 
density (tjj)? natural moisture contents (W n ) and dry 
densities for these tests. 

TABLE 3 * 1 


\ % \ \ 



cm 

m 

gm/cc 


gm/cc 

1 

3D 

1*50 

1.97 

19.1 

1.66 

2 

30 

1.50 

2.03 

18.9 

1.71 

3 

45 

0.40 

2.05 

20.8 

1.70 

4 

60 

1.00 

1.97 

19.8 

1.65 

5 

45 

1.77 

2.04 

19.4 

1.72 

6 

30 

2.54 

1.90 

13.2 

1.68 

7 

45 

2.58 

1.98 

14.2 

1.73 

8 

22.5 

2.65 

1.90 

15.5 

1.65 
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The hydraulic jack used for loading the plates 
has been calibrated using a 50 ton proving ring m "die 
rock testing machine* The calibration chart is given m 
Pig. 3*1* The load as shown by the hydraulic jack pressure 
gauge is corrected, and this corrected load is used for 
further calculations* 

3 * 2*1 load -Settle me iit Characteristics • 

load-settlement data as obtained from the plate 
load tests have been plotted m Pig* 3*2. The number on 
the curves m this plot and m subsequent plots refers to the 
corresponding test pit number. 

Pig. 3.3 shows plate load test data plotted m 
the form of stress, P ( = Load/Area of the test plate) 
versus settlement. 

An alternate way of presenting the plate load 
test data is given here. The total load (Q) on the plate 
is normalized with respect tso the diameter (B) of the 
test plate, and this normalized load, p (=Q/b) versus 
settlement is plotted and presented m Pig. 3»4« This type 
of load normalization facilitates to represent the effect 
of ground water level and moisture content on the load 
deflection characteristics of the soil. The curves get lined 
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up in -three distinct zones representing three different 
water table and moisture content conditions* As ground 
water level goes down, the curves shift upward which shows 
that the soil has become staffer due to lowering m the 
water table and also the decrease m the degree of 
satur at ion. 

The curve 8 does not appear to follow the general 
trend. Unfortunately, this test has been carried out on 
a filled up soil and not on a natural deposit. That it 
is so was indicated by a pipe line running along one edge 
of the test pit 8. Clearly, the area was dug up to lay 
the pipe line and had been refilled”. This also appears to 
be so from a decrease in H -values observed m bore hole 1 
from 1 to 2m depth as shown m Tig. 2.3* 

load-settlement data can be analysed m two 
different ways to estimate the bearing capacity of the 
foundation. ISI has outlined one method and the other 
method has been suggested by Kee (1972)* 

3.2.2 ISI Method i 

In this method, a graph of stress (P) versus 


settlement is plotted on log-log scale as shown m Pig • 3*5 
A distinct kink is observed m each plot which separates 
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the plastic yield settlement from elastic settlement. The 
stress at this point corresponds to yield stress approximately 
and is taken as the ultimate bearing capacity ( ) * A 
factor of safety of 2 has been suggested by ISI to be applied 
on the ultimate bearing capacity so obtained to get the 
allowable bearing capacity (l a ]_p)* Table 3«2 gives the 
ultimate and allowable bearing capacity values as obtained 
by ISI method. 

TABES 3.2 

ULTIMATE AND ALLOUABID BEARING CAPACITY BY ISI LETIIOD 


Pit. 

Mo. 

Ultimate 

Bearing 

Capacity 

t/m^ 

Settlement (/S ) 
at 4 ult 

ram 

Allowable 

Bearing Capacity 

t/m^ 

hZ 

10 

7.0 

10.0 

3 

20 

8.0 

10.0 

4 

15 

5.5, 

6 . 5 

5 

21 

5.4 

10.5 

6 

50 

6.5’ 

25.0 

7 

28 

4.5 

14.0 

It 

is to be noted 

that ISI permits 

a settlement 

4.0 mm under allowable 

stresses whereas 

m this case* 
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Idle values of settlement obtained from the plate load 
tests are much smaller at the ultimate value of bearing 
capacity given by the ISI method. This suggests that bhe 
^all* ^ 1US stained is likely to be conservative. 

3*2.3 Kee’s Method '• 

This method is applicable to the soils which have 
the load -settlement characteristics as hyperbolic in nature. 
A general equation of the following form can be written 
for such load-settlemen t characteristics* 
x 

y = — — — ( 3 . 1 ) 

a + bx 

"Where ^ a and b are constants which can be determined by 
plotting x/y versus x and fitting a straight line to it. 

It has been found out that for a better fit to test data, 
this line should pass through the 70 fo and 9 5f° points. 

This straight line can be represented by the following 
equation. 

x 

1 ' = a + bx 

y 

Ihere, a = the intercept on x/y axis 
b = slope of the straight line 

, „ / ay 

and , 1/a = 

dx 

l/b- y^ax 


at x = 0 
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Using this method* all the three plots shown in 
Pigs. 3*2., 3»3 and 3*4 have been interpreted and are 
presented m the following sections* 

3*2*3* 1 Interpretation of load Versus Settlement Plot : 

Por load (Q) versus settlement (A) curves of 
Pig. 3*2, m equation 3*1? 

y = Q and * -JS 

so to find the constants, a and b, a plot of versus 

Q 

A has been plotted for all the curves of Pig* 3*2, and is 
shown m Pig* 3*6. The values of a, the intercepts and 
b, the slopes have been found out from Pig* 3*6 which are 
tabulated in Table 3*3* 


TABLE 3.3 


Pit 

Uo. 


SC 

mn/t 


b 

1/t 


1/a 

t/mm 


1 


v, ’^max 


Sias =a 


1/ a 


- Kg 


1,2 

3*75 

0.25 

0.27 

4.0 

5~6.6 2 

3*77 

3 

1*55 

0.14 

0.65 

7*14 

44*92 

4.09 

4 

0.80 

0.14 

1.25 

7*14 

25*26 

4*42 

5 

0.90 

0.13 

1.11 

7*69 

48*38 

6.98 

6 

1.10 

0.12 

0.90 

8.33 

117*91 

12.74 

7 

0.75 

0.065 

4*33 

15*38 

96.75 

8*37 
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3*2. 3* 2 Interpretation of Stress Versus Settlement Plot : 

Por stress (p) versus settlement curves of Pig* 3*3, 
in equation 3*1* 

y = p and x =J% 

so to find the constants, a and b, a plot versus has 

been plotted for all the curves of Pig. 3*3, and is shown 
in Pig. 3 «7» The values of a and b have been tabulated m 
Table 3*4* 




TABLE 

3 .4 


Pit No. 

a 

mm 
» 

t/m 2 

" b 

1 

t/m 2 

1/a ffs 

Him 

1,2 

0.300 

0.01,65 

60.61 

3.33 

3 

0.215 

0.023 

43*48 

4,. 65 

4 

0.240 

0,0375 

26.67 

4.17 

5 

0.155 

O.O2O5 

48.78 

6.45 

6 

0.085 

0.0085 

117.65 

11*76 

7 

0.130 

0.0085 

117.65 

7*69 


3«2*3*3 Interpretation of Normalized load Versus Settlement 
Plot : 

Por normalized load (p) versus settlement curves of 


Pig. 3*4, in Equation 3*1, 
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y = P and x = & , 

so to find tile constants, a and b, a plot of versus A 

p 

has "been plotted for all the curves of Pig. 3 . 4 , and is 
shown m Pig. 3 * 8 . The values of a and b have been found 
out from Pig. 3.8 which are presented m Table 3 .54 

TAB IS 3*5 


i ?£! 
! 1 

a 

mim 

t/m 

b 

1 

t/m 

i/a 

t/m 

mm 

t/b= W 

t/m 

r ' 

p maXA Silt 
t/m 0 

1 

~ A s 

t/m 2 

mm 

1,2 

1.275 

0.0725 

0.78 

13*79 

58.60 

3.31 

3 

0.750 

0.0600 

1.33 

16.67 

47.18 

3.77 

4 

0.575 

0.0700 

1.74 

14.29 

30.96 

3.69 

5 

0.500 

0.0575 

2.00 

17.39 

49.26 

5.66 

6 

O. 35 O 

0.0375 

2.86 

26.67 

113.23 

12.14 

7 

0.325 

0.0325 

U4 

♦ 

O 

00 

30.77 

KA 

t — 

« 

O* 

00 

8.72 


3*2.3 *4 Ultimate and Allowable Bearing Capacity 1 

The three plots, namely , -A- vs & plot , vs& 

A ^ 

plot and — — vs ts plot provide almost same values for 
P 

ultimate bearing capacity as is clear from Table 3*3, 3.4 and 
3*54 Any one of these plots may thus be used for interpretation 
of test data. The average values of ultimate bearing 
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capacity are presented m Table 3*6. Usually a factor of 
safety of 3 is applied on ultimate bearing capacity values 
so obtained to get the allowable bearing capacity. The 
allowable bearing capacity values are also tabulated m 
Table 3.6. 


TABLE 3 .6 

ULTIMATE A HD ALLOWABLE BEARING CAPACITY 


Pit No. 

Ult imate Bear ing 
Capacity 

t/m 

Allowable Bearing 

Capac lty . _ 

. t/P 

1 .2 

38.61 

19 .54 

5 

45 .19 

15 .06 

4 

27.63 

9 .21 

5 

48.81 

16 .27 

6 

116.26 

38.75 

7 

100.51 , 

33 .50 


A correction factor (C w ) of the following form 
has been suggested by Peck to be applied on ultimate 
bearing capacity values to account for ground water 
level variations. 




■) 


(Eq. 3-2) 


D 


G w ~ 0 * 5 + 0 * 5 ^d+B 


for IL < D+B 

w — 

Where , D = Depth of ground water level below ground 
surface 

D = Depth of foundation level 
B = Width of the foundation 

Using this expression, the water table correction 
factors (C w ) have been calculated for D = 1 .0 m and D w 
equal to the depth of water table on the day of testing, 

1 .0 m, 0.3 m and for water level at the ground level 
since the water table is known to rise upto and above the 
foundation level, and are tabulated m Table 3*7* 


TABLE 3 .7 


Pit No. 

B 

m. 

Existing 
Water table 


C w 



(D 

(2) 

on the test 
day 

m 

(3) 

For 

V s ® 8 

m (3) 
(4) 

For 

D w =? .Om 

(5) 

For 

V° -30 

m 

(6) 

For 

v ( 

(7) 

1 >2 

0.30 

1 .50 

1 .0 

0 .88 

0 .62 

0.5 

5 

0.45 

1 .77 

1 .0 

0.84 

0 .60 

0.5 

6 

0.30 

2.54 

1 .0 

0 .88 

0.62 

0.5 

7 

0.45 

2.58 

1 .0 

0.84 

0 .60 

0.5 



It should be remembered that the equation 3*2 
is normally used to correct allowable bearing capacity for 
expected rise of water level and is being checked here 
to see whether the plate load test data can be suitably 
corrected for rise of water level subsequent to testing 
( m case the test was not performed at water table as 
is recommended ) . 


The corrected values of allowable bearing capacity 
for JD w = 0 .3 m (the worst known case) are shown m Table 3 -7(a) 
It should be noted that the high values of 24*03 and 
20.10 t/m for tests 6 and 7 respectively need to be 
further corrected for differences in natural moisture 
content with respect to saturation moisture content 
(cr 20/) . from fig. 4*1 (d), the values of f° r tests. 

6 and 7 after correcting for differences m natural 
moisture contents are 11.30 and 9.54 t/m” 2 respectively. 

TiPhE 3.7 (a) 


Pit No . 

G w 

for D w = 0.3 m 

W 

n 

% 

a all 

t/m 2 

1 >2 

0.62 

19.0 

12 .11 

3 

- 

20.8 

15 .06 

4 

- 

19.8 

9 .21 

5 

0.60 

19.4 

9*76 

6 

0.62 

13 .2 

24.03/11 .50* 

7 

0 .60 

14.2 

20.1/9.54* 


* Values after correcting for the natural moisture content 
with respect to saturation moisture content. 
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It would thus appear that m case tests are not 
done at the water table, the values thus obtained, if 
corrected for (i) differences m natural moisture content 
(with respect to saturation water content) and ( 11 ) for 
rise m water level using equation 3*2 will yield results 
comparable with those appropriate for saturated and 
submerged condition. It may be mentioned that variation 

p 

from 9 .21 t/m (table 3 *7 .a) for 60 cm 0 plate (recommended 
for design) after applying all these corrections are due 
to the size effect (as shown m Pig. 4.1 (b)) and the 
well known variation m the distribution of kankar m 
these soils . 

3 .2.3 .3 Deformation Modulus : 

The theory of elasticity provides the following 
expression for displacement (A) under a circular, rigid 
plate with a load intensity of P, 

A= JP (i-l) 2 ) x 
e = £ .3 0-;y 2 )f 

p 

where, — = K g = Modulus of subgrade reaction 
and iJ = 0.5 for undrained case 
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so, E u = 0.59 K s B (Eq. 3.3) 

The theory of elasticity also provides an 
expression relating drained elastic modulus with undrained 
elastic modulus, and it is t 

E = 1 E * 

U 2(1 + 

Snvastava (1977) has determined a value of 

T 

0.28 for based on laboratory experiments on saturated 
block samples which is close to 0.25 suggested by Poulos (1975) 
for such stiff soils. For y = 0.28, 

E’ = 0.85 E u (Eq. 3-4) 

The three plots, namely,^ vs A plot, ^ 

vs A plot and vs A plot provide almost similar values 
for the modulus of subgrade reaction (Kg) as is shown 
in Tables 3-3, 3.4 and 3.3. The average values of 
modulus of subgrade reaction are tabulated m Table 3*8. 

The equation 3.3 has been used to calculate the initial 
elastic modulus values which are given m Table 3.8. 

normally secant modulus which is obtained at half 
the ultimate load, is used to specify the elastic modulus. 
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The secant modulus as obtained from the plate load test 
data and drained modulus as calculated using equation 
5.4 are presented m Table 3 *8 « 

TA31E 3.8 

DEFORMATION MODUIDS 


Pit No. 

K S 2 

t/m 2 

mm 

Initial 

Elastic 

modulus 

t/m 2 

Secant Elastic 
modulus 

t/m 2 

Drained Elastic 
modulus 

t/m 2 

1 ,2 

3.47 

614 

296 

252 

3 

4.17 

1107 

574 

488 

4 

4.09 

1448 

708 

602 

5 

6.36 

1689 

911 

774 

6 

12 .21 

2161 

1126 

957 

7 

8.26 

2193 

1180 

1003 


3 .3 STANDARD PENETRATION TEST : 

This test gives the number of blows required 
to drive m the standard split spoon for a depth of 30 cm. 

The field N-values thus obtained are corrected for the 
overburden. G-ibbs and Holtz (1957) have given the following 


2L6 


expression for overburden correction to be applied on field 
Upvalues to get corrected 1-values. 

Corrected-1 = Field-1 x 

Po 40 *' 

iField-l x 2 

2 

where, p Q = Effective overburden pressure m kg/cm 
<2.8 kg/cm^ 

The field 1-values have been corrected for over- 
burden using the above expression. The field as well as 
corrected 1-values are presented m Table 3-9. 

TABLE 3 .9 

FIELD AID COBBECTED 1-VA1UES 


Bore hole lo. 1 2 3 


Depth of 

WT on the 
test 

day m 


0 .70 


2.0 


2.65 

Depth 

Field 

Corrected 

Field 

Corrected 

Field 

Corrected 

m 

1 

1 

1 

1 

1 

1 

1 .0 

9 

18 

4 

8 

5 

10 

1 .5 

8 

16 

4 

8 

4 

8 

2 .0 

6 

12 

4 

8 

5 

10 

2.5 

10 

20 

9 

18 

6 

12 

3.0 

7 

14 

6 

12 

7 

14 

3.5 

5 

10 

6 

12 

5 

10 

4.0 

5 

10 

10 

20 

2 

4 
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The standard penetration test results are to 
be used only as the guidelines for arriving at a proper 
bearing capacity value for clayey soils. Many charts are 
available m literature, for example, Bazara's chart, 
Peck's chart, Mayerhof's chart, Terzaghi and Peck's chart, 
which give the allowable bearing capacity for sandy soils 
for a settlement of one inch based on F-values . One such 
method is described here . 


Terzaghi and Peck have given the following 
expression for allowable bearing capacity for 1" settlement. 

«an = 720 («) (g 1 ) 2 % °w 


where, q all 
ET 
B 


G 


w 


= Allowable bearing capacity m pounds/ft Z 
= Corrected N-value 
= Width of foundation m ft . 

= Depth factor=1 + ^ <2.0 

= Correction factor for ground water table 
(WT) . 

= 0.5 if WT is at the base of the foundation 
= 1 .0 if WT is at a depth B below the foundation 
level . 


The above expression can be written m the following 



f arm. 


lall = °'552 CM) (f^) 2 K a °w 

2 

where q ls in hg/cm and B m ems . 

Using this expression, the bearing capacity for 

a foundation of 1m width at a depth of 1m from ground 

surface has been calculated and is presented m Table 3*10* 

The value of C has been taken as 1 .0 for bore hole 1 
w 

test data as the ground water level was above the foundation 

level when the test was conducted, and as 0.5 for bore 

hole 2 and 3 test data since the ground water level 

was at a depth equal to or more than B (=1 .Om) below 

the foundation level (D=1 .Om) on these test days , and the 

water t able is known to rise upto and above the foundation level. 

TABLE 3-10 

ALLOWABLE BEARING- CAPACITY BASED ON N-VAHJES 


Bore hole 

" C w 

K d 

N 

9 aU 2 
kg/cm 

1 

1 .0 

2 

18 

4.46 

2 

0.5 

2 

8 

0.74 

3 

0.5 

2 

10 

1 .04 


These values of allowable bearing capacity match well 
with those obtained by Jain (1977) based on his standard 
penetration tests. 



CHAPTER 4 


CORRELATION AID EVALUATION OP D3SIGN 
PARAMETERS EOS SHALLOW FOUNDATIONS 


4«1 General s 

The results from plate load tests m terms of 
allowable bearing capacity and deformation mo dull 1 are 
examined to assess the effect of plate size and natural 
moisture content. The standard penetration test data 
have been correlated with cone resistance? undrained 
cohesion, drained elastic modulus and allowable bearing 
capacity, and the correlation factors thus obtained are 
compared with those available in literature for similar 
soils . 


4*2 Bearing Capacity ss 

4.2.1 Effect of In-situ Moisture Content : 

The allowable bearing capacity values have been 
plotted against the natural moisture content values m 
Pig* 4»l(d). The plot clearly indicates two zones! one 
at smaller moisture contents and the other at higher 
moisture contents. Jam (1977) and Srivastava (I977)'s 
test results have also been plotted in this figure which 
fall in their respective zones corresponding to their 
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moisture content values. Hie allowable bearing capacity 
values as obtained from the tests conducted on the relative^ 
dry soil group themselves m one zone as against those 
obtained from tests on relatively wet soils (nearly saturated 
soils) which fall in another zone. Fig. 4«l(d) indicates that 
the bearing capacity decreases as the soil gets saturated, 
even though the limited data given here does not allow 
to suggest an exact relationship relating the bearing capacity 
with the moisture content of the soil. More data points 
in Fig* 4.1(d) would be highly desirable to define such 
a relationship. 

4.2.2 Effect of Plate Size ; 

The allowable bearing capacity values for a factor 
of safety of 3 have been plotted against the width of 
the test plates m Fig. 4.1(b). Dr. Yudhbir has provided 
the test results of the plate load test conducted at 
Panki Thermal Power Plant near IIT Kanpur Oampus with a 
test plate of 2m x 2m size which is also shorn on this 
plot. The results from Jain (l977)’s plate load tests are 
also shown m this figure* The plot indicates that the 
bearing capacity decreases upto a width of 60 cm beyond 
which it remains constant. This agrees very well with 
the ISI recommendation that the bearing capacity as 
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o Tot aimed from a plate load test with a 60 cm plate should he 
taken as the hearing capacity value for the actual foundation 
on silty and clayey soils and on loose to medium compact 
sandy soils ( N <15 )• 

4.2.3 Recommended Safe Allowable Bearing Capacity s 


Prom the discussion on the effect of the plate size 

on hearing capacity and the ISI recommendation* it would 

2 

appear that the allowable bearing capacity (9.2 t/m , 

Table 3.7(a) ) for the 60 cm plate test conducted with 
water level coinciding with the plate level (foundation 
level also) should be adopted for design for the worst 
condition m these soils. However* this would result m 
a predicted settlement of the footing (B=1m at D=1m) as 
6 mm only on the basis of load settlement data obtained. 
Here * according to the ISI recommendation the settlement 


for, the footing width has been increased m direct proportion 
to the size of the footing as compared to that of the plate. 
Inc idently, this ISI recommendation is substantiated by the 
Panki plate load test for a 2m x 2m plate. Prom the load- 


settlement data of Panki test, the settlement under a stress 
2 

of 9.2 t/m was about 14 mm which agrees well with the value 


of 12 mm as obtained by adjusting m direct proportion 
the results of 60 cm plate test. ^ ^ KANPUR 

CmiHM L 18RARY 

. .. A" 54908 
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p 

Now if all the 6 mm under 9.2 t/m is assumed as 
initial settlement only (a conservative assumption) and if 
the ratio between initial and total settlement for these 
soils is taken as 40 $ (a conservative value, it varies 
from 40-70 io , as shown later) the total expected settlement 
of the footing will be 15 mm only compared to 40 mm 
as now recommended by ISI and also 25 mm as commonly used 

p 

in practice for these soils. Clearly the value of 9.2 t/m 
as allowable bearing capacity is conservative and leaves scope 
for improvement m the design of foundations. 

It is recommended that instead of a factor of safety 
ofj as used to obtain 9.2 t/m 2 /, it may be lowered to a value of 
2. The corresponding allowable bearing capacity will then 
be 13.8 t/m with an initial settlement of 1 1 .7 mm and a 
total settlement of 29.2 mm. These values are within the 
allowable settlements and as suoh safe. It is thus 
recommended that allowable bearing capacity of about 

p 2 

14 t/ni and net allowable bearing capacity of 12 t/m (for 
computation of settlement ) should be adopted in the design 
of shallow foundation under similar conditions. These values 
agree well with the value of T2-15 t/nr as obtained from 
2 q 0 , where q. 0 is the cone resistance in t/m 2 . For these 
conditions, N and N varies between 4 and 5 • From 

total stress and effective stress analysis on the basis of 
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tests on saturated block samples, Srivastava (1977) 

o 

recommends between 15-20 t/m • All these previous 

results seem to justify the recommendation made here* 

4*5 Deformation Modulus s 

The undrained secant modulus has been plotted against 
the natural moisture content m Pig. 4.1(c). This plot 
exibits clearly two different zone at higher and lower 
moisture contents as m the plot of vs Jam 

(1977) and Srivastava (1977) 's points also lie in these 
zones. The plot clearly indicates that the deformation 
modulus decreases as the moisture content (i.e* the degree 
of saturation) increases even though the limited data 
presented here does not allow to suggest an exact relationship 
relating the deformation modulus with the moisture 
content of the soil. 

Pig. 4*t(a) shows a plot of &vs Q. a p]_ ® le 

1 . 1,2 % 

slope of this plot gives the value of ■ — * The 

E 4 

values of deformation modulus for saturated and partially 
saturated soil conditions have been calculated as shown 
in the figure* These values are relatively higher than 
the secant modulus obtained earlier , which is expected, as 
the secant modulus has been found out at the stresses 
equal to half of the ultimate stresses while these values 
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correspond to a stress level equal to one third of the 
ultimate stresses (q.^^ used here is for a factor of safety- 
equal to 3). 

4*4 Coefficient of Volume Compressibility i 

The theory of elasticity provides the following 
relationship for drained secant modulus m terms of coefficient 
of volume compressibility (m^)* 

(1+1/ ) (t-aV) 

-g I — n , , ' ~ . , r „ n _ 

ny (li -!>') 

Por 1 / = 0.28 (Srivastava, 1,977) 

tp, _ 0.282 

% 

The coefficient of volume compressibility has 
been found out using the above relationship for the drained 
secant modulus (602 t/m , Table 3*8) as obtained from the 
plate load test conducted on saturated soil with a 60 cm 

nr 

plate, and is equal to 0.0010 m /t. 

The value of obtained by Srivastava ( 1 97 1 ) for 

p 

these soils is 0.002 m /t and keeping in mind that field 
settlement of structures is usually less than that based 
on laboratory tests, the value of 0.0010 m^/t estimated here 
appears to be more realistic one and is recommended for the 
estimation of settlement of shallow foundations on such soils. 
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4*5' Settlement Analysis i 

The initial (immediate) and the total settlements 

have been calculated lor a footing size of 20m x 1m at 1m 

depth using different methods for allowable bearing 

2 

capacity of 14 t/m (net allowable bearing capacity equal 
to 12 t/m 2 ). 


4*5'«1 Elastic Method : 


Snvastava (1977) has estimated a value of K Q 
(coefficient of lateral stress at rest ) equal to 1.0 for 
these soil-e ■which gives a value of zero for initial stress 


ratio (f = 


(i-KJec’ 


s. 


)* This yields a value of 1.7 


u 


(D'Appoloaia et.al. 1971) for the factor of safety at 
first local yield which is less than 2, the value used here, 
so there will be no initial yielding during undrained loading 
m these soils* 


Initial settlement (S x ) is calculated using the 

relationship given by Bowles (1968). 

1 

s i = A*i 4 B ~ — 

Ihere, and depend on -the shape and location of the 

foundation below the ground level and depth of strata (h) 
below the foundation level. 
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L II D 

or, — — - = 20, — - = 4«0 and —— —1*0 
B B B 

J, Kq =0.9 and = 1.20 

1 - (0»50) 2 

= 1*2 x 0.9 x 12 x 100 x — — — 

708 


= 1 .37 cm 


And, total elastic settlement = ^ ^ q. B 

1-(0.28) 2 

S + = 1.2 x 0.9 x 12 x 100 x ■ 

17 602 




So, 

Si 

s + 


1.98 cm 

1 .37 
1 .98 


= 0.7 


here, initial settlement has Been computed using undrained 

2l 

secant modulus (708 t/m ) which is very low compared to 

Q 

the initial modulus (1448 t/m , Table 3/* 8). 


4*5*2 1-D Compression Method : 


This method provides the following expression for 
one dimensional settlement (S-j^-q)* 
s l_p = \ (AP) H 1 

Where, P = Increase m vertical stress 

H.j = Thickness of the zone of influence 
m y = Coefficient of volume compressibility. 
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S-j.-q = 0.0013 x (4 x C , 137 x t2) x 200 
= 1.71 cm 

S t ~ S i + JMo s 1-d (*>ul08,1975) 

— 1.37 + 0.9 x 4. 71 = 2.91 cm 
S 1 1.37 


4*5*3 Skempton and B^errum's Method : 


Ske i.ipton and Bjerrum (1957) have suggested that 
the final settlement can be calculated using the following 
expression 


S t S i S 1 -d 

"Where, }*x depends on the pore pressure Parana ter (a) and 
the depth of strata (h) below foundation level. 


H 

For, A = 0.4 (Srivastava, 1977), and — - = 4, 

B 

fa — 0.6 

S t = 1*37 + 0.6 x 0.9 x 1.71 = 2.29 cm 


S. 


1*37 


— = 0.60 


S t 2.29 

4.5*4 Method Based on 


Value i 


m S„ 
v* u 


Srivastava (1977) has recommended a value of 

2 1 
for these soils which gives - — - — 

m P( 

U 


S,, = v 9 t/nr for these soils which gives 
u m^S 


equal to 85 
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111(2 Talue of m q * eq.ual to 85 agrees well with, that 
v u 

obtained from the relationship developed by Skempton (1951 ) 
s t 

for Y - - 1.5 fo and 2.9 # for factor of safety of 5 and 
2 respectively as estimated from plate load test. 


The total settlement is found from the following 


expression (Skempton, 1951). 


VVi 


IThere, F is factor of safety 


P=2 , 


85 x 2 
5 

85 x 3 


= 0.029, S t = 2.9 cm 


0.019 , S + = 1.9 cm 


It should he noted that the total settlement 


obtained by 1-1 compression method (2.91 cm) and by the 

1 

method based on — — value (s, = 2.9 cm) matches exactly 


ri V^u 


with that arrived at earlier (29.2 mm) on the basis of 


60 cm plate load test data. 


It is interesting to note that the ratio of initial 


to total settlement. 


= 0.7 is for an ideal homogeneous 


isotropic and linearly elastic material. 

i~u 2 

s i “ h * 3 


Prom 


and , 
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S 


t “M> Fl q 


B 




S' 


S i 


S' 

E. 






q -P 2 (4* 1 ) 

S t B U 1~1/ 

3E 1 

Substituting 2 = —7 ™ — in equation 4*1 


U 2(l +t /' ) 

= _J_ 

S t 2(1-^') 


ls obtained £orV= 0.5 


cleanly this ratio depends on 3 / only. 

s i 

With Ij ’ = 0.28 for these soils, — — - 


0.7 


However Hooper (1975) has shown that for homogeneous 

cross anisotropic elastic soil, the ratio S./S, depends 

GL h 1 17 Ejl 

on two anisotropic parameters, m’=~™£- and n' ~ 


E 


v 


Snvastava (1977) has shown that = 1 . 


E‘ 

v 


K 

0 for these soils 


m the dessicated zone. With n’=1.0 , Hooper (1975) shows 


q 

D t 


that “ J '*~ will vary between 0. 4-0.7 for m’=1.0 to O .33 


respectively. This brings out an important point that 

S, 

for anisotropic natural sediments, - i — will decrease from 

s t 

its high value for isotropic materials. The values 0 . 47 - 0.70 
computed here appear to be reasonable and an assumption of 


S„ 

S, 


0.4 - 0.5 appears quite applicable for these soils. 


Elastic method clearly gives the upper range for this ratio. 
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4.6 Correlation Dctween N-Yalue and Cone Resistance i 

Ihe cone resistance (<i 0 ) values have been taken 
from static cone penetrometer test data of Jam ( 1 977 ) 
to correlate the N-values with the -values. 

The ratio (n) of cone resistance (q. ) to field 

0 

IT-value is found to vary between 1 and 2 which agrees well 
with the Jam (l977)'s finding and it compares well with 
n=2, recomiriended by Meyerhof ( 1965) for silts, sandy silts 
and slightly cohesive silt sand mixtures based on test data 
from many countries. 

4«7 Correlation between Cone Hesistance and Undramed Cohesion 

The cone resistance (<L>) values have been taken 
from Jam (1977) ,and a value of 0.9 kg/cm for undramed 
cohesion (S u ) as found by Srivastava (1977) for these soils 
has been used to find the correlation factor between 'the 
cone resistance and undramed cohesion. 

The ratio ( P ) of cone resistance (c^) to undramed 

cohesion (s u ) is found to vary between 6 and 14 for these 

soils. Sanglerat (1972) has observed that this ratio 

( (3 = q/S ) lies between 10 and 20 for soft clays of imney 
c u 

area (Prance). The values obtained for III Kanpur Campus 

jloioe'g 

soil are little -highe r than those observed by Sanglerat since 
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Campus coil is stiffer and lightly overconsolidated. 

4.8 Correlation between Cone Resistance and framed Elastic 

iloduluo : 

Jam ( 1977 ) ' s static cone penetromerer test data have 
boon used lo find the correlation between cone resistance 
and dramed el n lie Modulus. 

The rano ( a ) of drained elastic modulus (E 1 ) to 
cone* res is lance ( c i c ) m found to vary between 4 and 10 which 
agrees v/ell with the Sanglerat (1972) ’s findings ( 3.5 < oc <13) 
for overconsoliduled clays (for normally consolidated clays, 

1.7 <« <5«4), and v/ith Jam’s findings as well. 

4*9 Correlation between Cone Resistance and Allowable 
Bearing Capacity; 

The static cone penetrometer test data of Jam (1977) 
have been used to correlate the cone resistance (q^ ) with 
the allowable bearing capacity. 

The ratio (m) of cone resistance (q^ ) to allowable 
bearing capacity is found to vary between 4 and 10. Sanglerat 
(1972) has recommended a value of 10 for this ratio (m=q Y? /ci a1 ) 
for shallow foundations on sands, stiff clays, sandy clays and 
silty sands at 1m depth, which gives a very conservative 
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estimate of allowable bearing capacity so a value of 5 for 
m is usually recommended which, seems to agree well with 
the observations on I.I.T. Kanpur Campus soil. 



CHAPTLR 5 


COMDIIJSIOBS 

The following are the conclusions based on the 
soil investigations made m south-western part of the 
I . I .T . Kanpur Campus . 

1 . The ground water table plays a very significant 

role m altering the soil properties. There can be a 
tremendous difference m soil parameters as obtained 
from different tests depending upon the location of the 
ground water table on the day of testing. The water 
table is found to vary enormously (with reference to the 
shallow foundations normally located at a depth of 1 m) 
m this area as shown m Tig. 2.2. This alternate rise 
and fall m ground water level causes softening and 
stiffening respectively m the soil which leads to a 
dessicated zone in the shallow depths and the soil of 
this zone behaves as a lightly overconsolidated soil and 
not as a normally consolidated soil as is usually 
expected of the alluvial soils . 

2 . A representative bore hole profile for south 

western part of I.I.T. Kanpur Campus has been drawn 
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(Pig. 5.1) based on all the test data available for this 
area. The profile clearly demarcates the zone of dessica- 
fcion at 5m below ground surface at which level, the soil 
properties change significantly. 

3 * The allowable bearing capacity values are found to 

decrease with increase m plate size upto 60 cm. plate 
beyond which these remain constant. (Pig. 4.1 (b)). 

ISI also recommends the use of 60 cm plate size for 
conducting the plate load test to determine the allowable 
bearing capacity of actual size foundation without 
making any further correction for the size of the test 
plate . 


4. The settlement act allowable stress as obtained 

from a 60 cm plate load test can be proportionately 
increased for the size of footing to get the corresponding 
settlement of the actual size footing. Assuming all of 
it to be initial settlement and the ratio of initial 
settlement to final settlement equal to 0.40, the final 
settlement of the footing can be calculated. It has been 
shown that the final settlement estimated from plate load 
tesb conducted with water level coinciding with foundation 
level agrees well with the values obtained from other 
theoretical and semi-empencal methods. 
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5- The allowable bearing capacity values decrease 

as the ground water level comes up (Table 3.6 with 
Table 3 .1 ) - 

6 . The allowable bearing capacity and deformation 

moduli! decrease as the moisture content increases 
(Pig. 4.1 (c) & (d)) i.e. as the degree of saturation 
of the soil increases . 

7. All the tests whether they be field or laboratory 
tests for determining the soil parameters, should be 
performed m saturated soil condition, and if the tests 
have been carried out m partially saturated or dry soil 
conditions, the soil parameters thus obtained should be 
suitably corrected for the moisture content so as to 
arrive at correct soil parameters for saturated soil 
condition (Pig. 4.1 (c) & (d)). 

8. 1ST method of interpreting the load-settlement 
data (load vs. settlement on a log-log plot) yields a 
conservative estimate of allowable bearing capacity for 
a factor of safety equal to 2. This is clear from the 
fact that the settlements even at ultimate stresses are 
much smaller compared to the usually allowable settlements 
(25-40 mm) for buildings on such soils. Kee's method is 
recommended for use to interpret the plate load test data. 
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9. The following soil parameters are recommended 

for the use m the design of shallow foundations on such 
soils as encountered m south-western part of I.I.T. Kanpur 
Campus . 

2 

(l) Allowable bearing capacity ) =14 t/m 

2 

(n) Initial deformation modulus (E x ) = 1448 t/m 

2 

(ni) Undrained secant modulus (E^) = 708 t/m 

2 

(iv) Drained secant modulus (E 1 ) = 602 t/m 

2 

(v) Undramed cohesion (S u ) = 9 t/m 

2 

(vi) Coefficient of volume compressibility (m^) = 0.0013 m /t 

(vll) irV = 85 

Ck/ ^ ) \$Yl) 

K<X) TgWSj • 

V?) 

t-H-S t|v«f , $ - ^' 5 

Q, 1 =1^ V?", 55 ' 

po-xa ^Mswa ymJv^Vssr , ft= 6-4 ^ ^ = a " 3 
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FIG 2 1 LOCATION OF TEST SITE IN CAMPUS (Not to scale) 
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